
An Empirical Investigation into the Conceptual Structure
of Chest Radiograph Findings

Edward Pattison-Gordon, MS
Robert A. Greenes, MD, PhD

Decision Systems Group, Harvard Medical School, Brigham and Women's Hospital
Boston, Massachusetts

A method ofinvestigating the conceptual structure of
findings is presented, in which: 1)finding statements
are extracted manuallyfromfree text, 2) the main
concepts in eachfinding are manually identified and
classified, and 3) the resulting sets of classes are
exanmnedfor insights intofinding structure. This
study applies the method to chest radiograph reports.
Although the subjects of thefindings studiedfall into
seven classes, the same conceptual structure can be
usedfor most of them.

INTRODUCTION
Today's health-care system requires the processing
and analysis of patient data not only for the purpose
of providing medical care, but also for monitoring the
quality of that care, seeking compensation for its
provision, and performing research so that it may be
improved. Increasing portions of the patient record
are available electronically, but the full potential of
computer processing of patient data will not be
realized until the contents of the electronic medical
record can be analyzed by computer. Although this is
relatively easy when the data are numeric, such as
laboratory results, most physician notes are free text.
Two approaches have been explored for handling free
text patient data [1]. One approach is to use natural
language understanding techniques to try to interpret
textual information [2]; the other approach uses
structured data entry to capture information in a
format that is already interpretable by computer [3, 4,
5, 6]. Both approaches, however, depend on a
conceptual model of the information that is explicitly
stated as well as underlying knowledge.

Knowledge representation has long been a focus of
artificial intelligence, where such formalisms as
semantic nets [7], frames [8], and conceptual graphs
[9] have been introduced. These systems attempt to
provide, in one form or another, ways to construct
and use conceptual models. Such models identify
concepts and define relationships between them.

We have previously observed that there are two
complementary ways to set about modeling concepts
and their relations, top-down and bottom-up [10], and
in an earlier effort used the top-down approach to

model findings [11]. This paper uses a bottom-up
approach to test the following hypothesis:

Hypothesis. Different types of findings occur in
chest radiograph reports, depending upon a
finding's subject. That is, their conceptual
structures differ by at least one of the following:

* the sets of relations used;
* the values allowed for a relation.

This work was carried out as part of our participation
in both the National Library of Medicine's Unified
Medical Language System© project [12] and in the
Canon group's efforts to create a multi-purpose
model of chest radiograph findings [13]. It also
extends our previous modeling efforts [14]. In this
study, finding statements in free text chest radiograph
reports were examined. Previous studies have looked
at sentences [15], terms [16], and noun phrases [17]
to determine conceptual structure.

METHODS
Chest radiograph reports, findings, and main concepts
were entered into an object oriented database,
Mainstay's PhylaTm for the Apple® Macintosh®
computer, (a relational database, however, would be
sufficient). The database sorting and retrieval
functions supported the analysis of finding
conceptual structure.

Reports and Sentences
Eighteen chest rdiograph reports were used in the
study. These reports had been previously selected for
conceptual modeling by the Canon group [13]
because of their intermediate length and because of
the challenges they posed to modeling.

The reports were entered into the database with each
sentence as a separate entry. To preserve context, the
complete report was entered including, for example,
headings (e.g., "Description," "Impression"), which
were entered as separate sentences. Figure 1 shows
sample sentences from the reports.

Findings
In order to determine finding conceptual structure, it
was necessary to collect all of the information
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CPMC17.01. AP PORTABLE CHEST X-RAY
OHSU12.02. There is coarsening of the interstitial

lung markings which are most marked in the
lung bases bilaterally.

BWH39.04. There are a few scattered small
nodular opacities that are not clearly vascular in
origin, possibly representing granulomata.

LDS64.10. There is no evidence of pneumothorax.

FTguu1t Sample sentences from the eighteen chest
radiograph reports. Sentence IDs are report IDs-the
characters and digits to the left of the first period-
followed by the number of the sentence in the report.

provided for each finding from the natural language
sentences in the reports. This was done manually, for
two reasons. First, because there is not a one-to-one
correspondence between sentences and findings in
the reports. That is, some sentences contain no
findings, others several. Information about the same
finding may also be presented in multiple sentences.
In addition to headings, sentences without fmdings
include sentences that describe the reason for the
radiographic study (e.g., "rule out sepsis and renal
failure'), that provide clinical information about the
patient (e.g., "pre-op cataract'), that describe the
imaging procedure (e.g., sentence CPMC17.01 in
Figure 1), that present "information concerning
technique" [16] (e.g., "comparison is made to prior
PA and lateral chest #1, dated 7 October 1988"), and
sentences with "patient management issues" [cf. 16]
(e.g., "follow-up film in 6-8 weeks to rule out
progression is recommended, if clinically indicated").

Second, when multiple findings are contained in the
same sentence, information about one finding may be
intermixed with information about the other findings.
Multiple findings occur in a sentence when
independent findings are joined with "and" (e.g., "the
costophrenic angles are clear and the domes of the
diaphragm are smooth") or when findings that have
some item of information in common (e.g., location)
are combined so ta the information is only stated
once (e.g., "again noted is relative elevation and
eventration of the left hemidiaphragm"). Multiple
findings are also placed in the same sentence when
one finding is inferred from the other, linked by
words expressing the radiologist's certainty of the
inference (e.g., sentence BWH39.04 in Figure 1).

For each finding, the words used to express it in the
reports were collected as a statement of the finding.
Articles and verbs that did not contribute to the
information content of the finding were omitted. For
example, "the" was omitted from "the left lung", but
"a" was kept in "a pleural effusion" because it

specifies the number of effusions (one). Figure 2
gives examples of finding statements.

Usually, identifying findings within a sentence was
straightforward but, occasionally, it was difficult. For
example, how many findings are in sentence
OHSU12.02, shown in Figure 1? Two were chosen
(see Figure 2) because the sentence makes two
slightly different statements: one about the interstitial
lung markings generally and the other particularly
about those at the lung bases.

The finding statements were reviewed as a collection,
to see if similar findings had been treated
consistently, and corrections made. Ultimately, 234
findings were identified in the eighteen reports.
Sixteen finding statements were found to be
identical-word for word-to other finding
statements. They were not removed from subsequent
analysis, however, because they are simply more
instances of their finding types.

Concepts: Identification and Classification
The main concepts in each finding were identified
and classified. Typically, main concepts were the
nouns in noun phrases. Although the modifiers in a
noun phrase may also represent concepts, they often
reflect the conceptual structure of the noun concept,
not that of the finding as a whole. For example,
consider the noun "opacities" in Finding
BWH39.04.01 (Figure 2). The modifiers "a few,"
"small," and "scattered" specify quantity, size, and
distribution, respectively, of the opacity. Thus a
model of "opacity" should include these attributes.

OHSU12.02.01. coarsening of interstitial lung
markings

OHSU12.02.02. [coarsening of interstitial lung
markings] most marked in lung bases bilaterally

BWH39.04.01. a few scattered small nodular
opacities

BWH39.04.02. not clearly vascular [opacities]
(BWH39.04.01)

BWH39.04.03. possibly granulomata
(BWH39.04.01)

LDS64.10.01. no evidence of pneumothorax

Fgue2 Findings from the sample sentences in Figure
1. (Note the first sentence had no findings.) Square
brackets indicate text that appeared only once in the
original sentence, but was copied into more than one
finding. Parentheses enclose references to other
findings; here, findings from which the referencing
finding was inferred. Finding IDs are sentence IDs
plus the number of the finding in the sentence.
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Exceptions to this rule were made for modifiers
belonging to one of the classes to which main
concepts were assigned. In this case, the modifier was
assigned to the class and not kept with the noun.
"Pleural," in "pleural effusion," for example, was not
left as a modifier of effusion but assigned to Body
Location (see below).

Concept classification was done manually. Each main
concept was examined in turn and grouped with other
concepts based on the role it played in the finding
(e.g., location, certainty, negation). When the role of
a concept was the finding's subject, the concept was
further classified with similar subjects (e.g., medical
device, medical procedure, pathologic process or
entity). New classes were introduced as needed.
Classification was reviewed for consistency by
examining the members of the resulting classes for
concepts that seemed out of place.

In all, thirteen classes were used: X-ray Image
Feature (opacity, density, silhouette), X-ray Image
View (AP, PA, lateral), Body Locationl (lung, lobe,
heart), Pathologic Process or Entity (effusion, nodule,
atelectasis, lung cancer), Physiologic Process
(pregnancy, i.e., normal processes), Medical Device
(surgical clip, sternotomy wire), Medical Procedure2
(lobectomy, cardiac transplant), Body Substance
(fluid), Comparison Result3 (new, again, persistent),
Inference Certainty4 (probably, consistent with, less
likely), Relationship to Other Finding (related to, due
to), Attribute-Value (enlarged, normal, distended,
elevated), and Negation (no radiographic evidence).

Attribute-Value is a special class, created because
attributes and values for a main concept were often
not expressed as modifiers of the main concept
Instead, the attributes and values occurred in other
parts of the sentence. In finding OHSU12.02.01, in
Figure 2, for example, "coarsening" is not part of the
prepositional phrase containing the noun. Such words
were classified as Attribute-Value to see if they
differed from those modifiers that had been expressed
in the concepts' noun phrases. Figure 3 shows an
example of concept identification and classification.

1Body Location corresponds to Friedman's "body
art" and "body part region" modifier classes [16].
Medical Device and Medical Procedure together

correspond to Friedman's second "broad
informational unit" [cf. 16].
3Comparison Result corresponds to Friedman's third
broad informational unit and her "change" modifier
class [cf. 16].
4Inference Certainty roughly corresponds to
Friedman's "certainty" modifier class, although
negation is treated separately in this study [cf. 16].

Concept
coarsening, most marked
interstitial lung markings
lung bases bilaterally

Attribute-Value
X-ray Image Feature
Body Location

Flgwe3. Classiflcation of the main concepts in finding
OHSU12.02.02. The resulting set of classes-
Attribute-Value, X-ray Image Feature, Body
Location-reflects the finding's conceptual structure.

ANALYSIS

To determine finding conceptual structure, the classes
to which all of a finding's main concepts had been
assigned were taken together, as a set, and properties
of these class sets were examined. 48 distinct class
sets were found among the 234 fmdings.

Co-occurrence of the 13 classes within the 48 class
sets was tabulated. Table 1 shows which classes co-
occurred with each other at least once. Sorting the
table by the number of classes with which each class
co-occurred reveals that five classes never co-occur:
Body Substance, Medical Device, Medical
Procedure, Pathologic Process or Entity, and X-ray
Image Feature. (Physiologic Process also did not co-
occur with the other five classes but, because there
was only one finding with a concept in this class, it
was dropped from further analysis.) The concepts in
these mutually exclusive classes had filled the subject
role in the findings.

Sorting the 48 class sets according to which of the
mutually exclusive classes occurred in them revealed
the existence of class sets that did not contain any of
the mutually exclusive classes. These class sets fell
into two groups: 1) a single class set containing just
the class Comparison Result (i.e., findings, like "no
change," that summarize comparing the current study
with a previous one); and 2) five class sets whose
only common feature-besides the absence of the
mutually exclusive classes-was the presence of the
class Body Location (i.e., findings that describe
organs, body parts, and regions as in "continued
fullness ofAP window"). These class sets represent
two additional finding subjects.

An examination of each of the groups of class sets
with the same mutually-exclusive class, shows the
mutually exclusive class in various combinations
with the remaining, non-mutually exclusive, classes.
Reasons for this variability may be, for example, the
inappropriateness of a role in some contexts (e.g., of
Comparison Result when the finding is from the only
study) or the omission of details by the radiologist.
For the sake of a simpler model, and because a need
for this level of detail had not been established, each
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group of class sets with the same subject was
replaced with a single class created from their union.
Table 2 shows the resulting seven class sets.

Attribute usage was analyzed in two ways: 1) within
the same finding type, the modifiers in noun phrases
were compared with those that occurred elsewhere in
the finding statement and, consequently, had been
assigned to the class Attribute-Value; and 2) between
fimding tyes, concepts that had been classified as
Attribute-Value in one finding type were compared
against those classified as Attribute-Value in the
other fmding types.

Table 1. Examining class co-occurrence in class sets
reveals a group of mutually exclusive classes; that is,
classes that tend to co-occur with the other classes within
the class sets, but never with each other (outlined area).
Dots indicate two classes that co-occur in at least one
class seL The columns were originally ordered by the
total number of classes with which classes co-occur
(shown across the bottom). Negation and X-ray Image
View have been moved in order to group the mutually
exclusive classes together. Information below the
diagonal is redundant, but is shown in order to make the
table easier to read.

exclusive classes themselves. This may not be
sufficient grounds to maintain distinct finding types
in some applications, especially because a single
relation, has-subject, say, could be used to relate a
more generic finding type to a concept composed of
all of the mutually exclusive classes. A compelling
reason for preserving distinct finding types, even if
they all had the same set of relations, would be if
relation values were different for some finding types.

Relation Values. Of the potential relations-those to
Body Location, Comparison Result, Attribute-Value,
Inference Certainty, Relationship to Other Finding,

RESULTS

Relations. A conceptual model of a finding type can
be constructed from its class set by representing each
class in the set and the finding itself with a concept,
then creating relations from the finding concept to
each of the class concepts. Because the seven class
sets each have a different set of classes, each fmding
type will have a different set of relations, which is
one of the criteria for distinguishing between types.
These results are not sufficient, however, to require
that a model of chest radiograph findings contain
seven finding types. Because of the variability in
which classes co-ccur with a mutually exclusive
class among the findings in the reports and the
relatively small number of findings studied, it cannot
be concluded that all such co-occurrences have been
observed. Examination of additional reports might
show, for example, findings in which Medical Device
co-occurs with Inference Certainty, or in which Body
Location-in the absence of the mutually exclusive
classes-co-occurs with X-ray Image View. The
more such co-occurrences there are, the more the
seven finding types will tend to have the same set of
relations. This trend can continue potentially until the
only differences between the finding types are the
relations to the concepts that represent the mutually

MDSXPRL
Body Location L

Comparison Resultl 4 R
Attribute-Value

Inference Certainty
Relation Other Finding i tI1rX-rayImageView4J

Negation
Pathologic Process/Ent. H P

X-ray Image Feature ..P+PFX
Body Substance
Medical Device DS

Medical Procedure ' M
MDSXPRL

Tabe2e The class sets created from the union of class
sets with the same mutually exclusive class. Also
shown is the class set containing only Comparison
Result and the class set created from the union of
those sets that contain the class Body Location but
don't contain any of the mutually exclusive classes.
Dots show membership of a class (rows) in a set
(columns). Sets are labeled with the class that
characterizes them: a mutually exclusive class,
Comparison Result, or Body Location.
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X-ray Image View, and Negation-the only one
whose values clearly vary depending on finding tpe
is Attribute-Value. Many attribute/values are
particular to specific concepts (e.g., blunting -
costophrenic angle, coarsening - interstitial lung
markings), but this has implications for modeling
those concepts, not findings. For the class Body
Location, however, it was observed that modifiers in
concepts' noun phrases were used to modify the
location (e.g., bilateral, basilar, superior, area in),
whereas co-occurring concepts classified as
Attribute-Value were used to describe condition or
state (e.g., blunted, clear, distended, tortuous). This
suggests that a Body Location finding. should be
modeled with a relation for those attribute/values
describing condition and the body locations should be
modeled with relations for detailing location.

CONCLUSION

An empirical method of determining the conceptual
structure of clinical findings, based on the analysis of
finding statements expressed in free text, has been
presented. Focusing on the entire statement of
individual findings makes it possible to determine
concept class co-ccurrence within findings and,
thus, finding structure.

Although the findings studied can be classified into
seven groups based on each finding's subject, it was
discovered that it may be possible to represent most
of the finding classes using the same set of relations.
These results needs to be verified with additional
chest x-ray findings and studies need be made to
determine the applicability of the model to other
domains (e.g. mammogram and ultrasound findings).
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